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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a code for 

obtaining high performance even in a multipath fading y 
environment. 

SOLUTION: A transmitter 1 is provided with an encoding 
portion which includes an external encoder 1 1 for coding } 
with respect to an input symbol series b for externally 
encoding with a trellis code, turbo coding or turbo coding 
modulation; an interleaver 12 for interleaving each 
symbol sequence constituting the symbol series 
provided by this external encoder 11; and an internal 
encoder 13 for performing spatial and temporal encoding 
modulation to a code the spatial-temporal 
characteristics of which guarantees maximum 
transmission diversity as an internal encoding with 
respect to the symbol series x' provided from the 
interleaver 12. The transmitter 1 is also provided with a 
transmission portion, having a spread-spectrum 
modulator 14 for spread-spectrum modulating with 
respect to each plurality of streams provided by the 
internal encoder 13. 
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[«frt»*a>«SH] 

AaSftfei^^umjiJU:** LT. -n»#©»*fl:i: L 
T\ hl/'JXttfc *— tffrlHbXH:*— >KflF*{bK 

n $ ft a t , 

fiE-T 5 « v > tf;uroin# £ a** x * -f > * - y - 
St. 

±E* :/ * - y - & * *fc 5/ > #;u*ju i= 
wit. ^©^itiLt, sraM&tHsiawfcis 
tt)6«»*fiay'f /«— *>^*fi«iE-r*»*-e**ffiiiii • 

[111*4(2] ±E*Mfr**-«Mfc¥«l** 
»-iMt*BI*fir3iKi:< 4:*2-3fl!)»*ft*ll*a4:» 

< H2O®?07f ■ v-»1t/u • y— 

& mtt ^ttfcT-^ l -cm ^©«B8*a 
©ft-JHbSta. 

< A-^jfio? ^ If >y 5 c <b £ ttftfc "T -5 

si #ji 2 iHttro^<b^a. 

[ff#Jl4] ±Ert*-***fl:¥»l*. 
^b2il/3T^ro^ll^SI=ScJ<ffi^^<DV-ytf>/f^ 

fr-5'>fc< tt.2'ocD^^b&i;v>ve>^st. 

Slz-05»-iJ — ^-r-5i/>7t«;u • -f — U— 

JlB'>&< t*,2oo^^bRt/Nr->e>y^S<D^+t 
f, © a -h is >7\iju £ ir -r > $ — 'J — zf-f •& 'pti < 
t4,2O(0y^;i/ • T-f — 'J— :?^l£<t, 

±E*ft < t & 2 ocD^^b»i;v y tr ^ *> 

•J — 5 *> ©— £> ©til * *> >7|0u$tR— W 

±Ed>fc< ^^^©ft^b&t^ylf^^a©?*, 
(T)—f5t. ±E'>fc< t=t 2-2<Disl/iS)\, ■ 7^1,$ — 
y — :7^K©5^©fl!»;5<tA>£©ffi;fiS/>7f?;u£ft-fi<j 

i=awLr/o<7^vr*S2fl>i/>7f?;ua«aur/<> 

* 9 1 * * 5 z t £ 1 1 -5 If 1 E«© 



ft-SHb^Bo 

*« 4 E«©#-§-<bse. 

A*l*^fci>i/7K;U^5iJlc^LT, *Mt*0>8«1t£L 
«*fr 3 rt«H***fl:x8 <!: , 

«:ttttAtsA&a y -r / <— i >^ * «KE-r -s. m^x- #> h & 

[ff*^7] A**+Lfc->>7Kyum?iJI-*tLT. 
f — #»*<fc*BI£*T5*m#»*fb#«fc» ±E#M9 

B-f >5« - 'J -7¥mfr t>&1&Z1xtz v >tK;hS9U i=» 
LX. fi^ro^ftt LT. £IBIM&c;il$nM«:W± 

^eay-f /<— ■ >^*«E-r*ff#-c**fflim • b# 
««f= «b ot^it * *it-$mo>m. j %$ : ft : b wmt-n 

±El*J»*»*fl:^«!(=**j6L-C«7t6*i. A**ttfc 

±es^*^5S*«#xi* eT^u^r y xacs^j < 

[if^8] ±SA**Jxfcf- f l=S-3L^T#»P« 

iEnfiF#*^*«i*» ±Ea«Bwn?9i¥a^ 
^fs t r « if 7 b® © sfgi. 

[»«a9] A***if=v>7j?;u^?lJ|z^LT. *U3 
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*-#»#fl:E«S*T9»MJ**-^bXSi:» iEttf* 
#ft^bxai=Tfr-*Hb 4 *IT# S> ftfc :/#JU»E £ 

I8t, -tE-O* — 'J— ?xaicTft^§*.t>;txfc*> 

-cfeSEE • ENIEJHbEE* S3 «IW»ffl;iai: 

* E% -5 E*fc5*ttl= <fe oT *3#<b 4 *tfc»*©fl» * 

±EAE*E*ibxai=tt£LTEx.&*u A***tfc 
&*ifc«:A*<o*»^HS5iJ(=T< — y — :7£J6T 

* — 'J— ^XSfcTE^E&bfc.feS'^iltJMMdlzttL 
T\ ±E«**lft»*tt-»XI*e*lfT^rfyXAI=* 

-i<***fT5M-«*«*xat*«5t*^t*i»«t 
f «ft**E. 

[BtJMM o] ±EA*4#tfcx— *l=*rJixr#»^ 
«Ett«E*«feEU aflHg®'Kfi£?E-*-«aKE'l* 

±E*m#«#xat?l*. ±Eiifll»««Ti8xai='C 
4*4*tfc±EWan«Ett««tfflL^-C«^a6«fT^*t* 
9E«©tt*36r*. 
[flt*4tii] A*4*vf=5/>7tt;u^5iJI=»LT» n 

tt*-#E*<bEE*(T3*m-*E*Mb¥ai» ±Ett 
»*ff*t¥IW» 6 t*E 4 *ifc *» »IOuE W £ 
6 v i/^roEJ* fcE^Ea. * -r > * — y — t s 
±E-f > * - y - 6 #E 4 ftfc *> 2"ftU*E 1= 

EHE^bEEfclT a i*a 

<b*at. 

±E«1»»*fl:*afr 6«»**ifc Wrox h y-A 

2] ^»sij^s^sc$afflLrt^ci 

[sMOIl 3] A*4*ifc*>:/7|OuEEI=**LT\ n 
»*®»*ftfcLt < hU<J^«4Hb. *— #E*fcX 
i**-#«F^bEfl*fT5*1.E*MWbxai % ±EH 
«F-^»*<bxsi=-c»*<b4*ir#&*tfc^>#;b3R5« 
£Efi£-f •5«-'>>7t?;b©Eff*M'<e7Ll»-f >$ — y — 



?I§t. -tE-f>$ — y— ^X?H=T3£^#x.e>tifc 
•>i/7R/U&5ijl=**LT\ rtfrlg-OflMHb&LT. EMM 

*-C**EW • B*M8-&fcEn$lT5rt»*«-lHbx8 

te*r*»^bxat, 

±EW W»M:iai=Tl»fls 4 *tT» & *tfc1£&<D 
X h 'J-Afl!)*<i* ♦tl=»LTa»E«*E-*-ttEE« 
iS^tSafilgt £ EX.4 c £ 

[S*S1 4] A*4*tfc->>7K;um5U(c^L-C. 

I**— #E*<bEB**T3*1.»-»«F#fl:*E£. ±B* 
fc###ib^«fr & 4 *vfc *SUHLMH* £Ej*-f -5 
6S'»IOu«>EJ*£E'<EX.*'f 'J— ?9B£. 

±E-f > * - y - 7fs* & 4 Htz i= 

EEEEflsEESfr 9 n^»^bfSi £ -5 E* 
-tEW^#^^b^^P,tt$&4*tfc1Sigt<7) 
X hy-Aro^H^I-MLTS£Si£iS*S£-rS£U[^P 
3M££*-f Saft^Ki SEX. -5 EEE«I= J: r> TilHi 

A* 4*lfcT— 5» LTEttEfcE+EEE^BS* 

±Ert^^^b^®[z*ftSLTfii^.t»tu > -tE&ffiffc 
#Ei*&«E4*tfc7 f — *I=ELT\ AAEEEEE* 
xiiSfcffi^tf* ifT;u=ryXAics-^<«nj*^$^ 
^EE^E-wat. JiE-f >^-y-^si=«feoT 
-r > * - y - ? 4 *tfc » tfji-Jkm ©ihjij $ » **t^ 

e-§-^b^ e> 4 ih-fc^X* w -> > tfjismmizTj > 

4»-y-^*16^T'f — y— ^Sfc, ±E*1-»* 
»#<b*«l=»Ji6L'T«it6*i» ±!Bf05i-'J-? 

&tiim&^X.i*t?*i> eT;u=ryx*Air«-3<£-s§-£ff5 

[»*JI15] ±ES#^SI*, ±E&tttfc¥&fr& 

Ji«E&a>ttSI £ Ef *a«»«ffl^E*» £* L s 
±E^^-^«#^|g(i, ±ElflB«lfilW&(K 
!^4^fcJ:E#*P«3fItt1f $g£ffll^-C ft -5 c: t £ 

*4*«fc-r*E*Ei 4EE©gm«E. 
[»^3I1 7] A*4+ifc->i/7f?^m9iJ^«Lr, n 
^cD^<btLr. huyx^jb. /K^F^bx 
l±^-^#-(b£P$ft5^^#^^bxat. ±EH 
?^^^^bxalcT^^b4+^.r^#^,+Lfc->>7^:;^^9lJ 
£ ^ # v >7H;kdI1J» £ 4 -f> ^ — y - 
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<t^*-r^^F^bxai:. ±iert^^^bxfii=r^F 

•^-(b$^r»e)*tfc«8fc(0X h 'J— 

A* SJifcx- if lz*t LX ffiffi»£«sr2»t£ffcx§£ * 

±Ertft^#^bX§|cttJ£LT<ilix.i=>;fv -tE&ffifit 
XfilcTiSffittA^^^fcT?— 5«|z^LT. g**&5t 

*U 7C<7)V'>7|?;U^?iJroiE5iJI-M-r«fc5l;. ±isrt^ 
fiti§ ic r ft-^Hb £ *vc » & *i A * <7> -> > HOu % 

±K*m###lbxHl=tt£LTffi*&;h.» ±ET-f> 

-5 < m-s§-£*r 5 *i-*H§-«^x¥i t * wr -sffl^xe ,t £ 

[nt*ai si ±ett*xsi±. Jii5i3Sffi»xaicr 

j*u afittatttt£?a?s9fitttttt?axa£* 
u 

-tlB#m*fl»X«-CI*. ±E9«»tt«l*aixai=T- 

[SeHBaJSMlfcSillB] 
[000 1] 

[0 0 0 2] 

[fitjferoaffi] a*. ai»{*9{i-v>3S3=W9<f 

ifilM£fll**f#^b;5&4: LT, C. Berrou t> |C J; -5 
U.S. Patent #5.446. 747-SH*a(=E«£*U 3»— 
^afetP¥l**l-53fe?US»a»a»fiF# (Parallel Con 
catenated Convo I ut i ona I Codes: felT. PCCCilB 



) l=«fe*»#<b*^-\f>» ^©PCCC$lEfflLTJ 
ffl*«fc«**43#fc*— *»-IWt«B (Turbo Trelli 
s Coded Modulation: T T CM) jb<$ED feftTHS. 
[0 0 0 3] ZCt% 0l3.(£-tz4'7&-9-$HN$B (Code 
Division Multiple Access ; felT. C D M A <t IE 

-r. ) ^sticfcitssaEsa^*- h?#x.fci^ 

2ffi(4ffl (Binary Phase Shift Keying: JSTF* BPS 
KifE-To ) ^l@^SC-^4ffiiiffl (Quadrature Phase S 
hift Keying: JUT. QPSKtlEf. ) &K*3£j5* 
€>. I'D. J. van Wyk. "Four-dimensional 0 2 PSK modu 
I at ion and coding for mobile digital communicatio 
n" . Master's thesis. University of Pretoria, Sout 
h Africa. April 1996J Td. J. van Wyk. Emlyn Ci I 
liers and L. P. Linde. "A synchronous Q2pSK DS-CD 
MA system: System conceptual i sat ion, implementatio 
n and performance analysis" , in Proceedings of IS 
SSTA '98, (SunCity. South Africa), pp. 18-22, Sept 
ember 1998J l=E«**VT^-5 Q2 P S KSH^SC© J: 

— 7f? hU'J XiS-S-fbtfetB^ffl l*<5 C t IttSSXTI&Zo 
[0 0 0 4] l*t>tPZ>$m-<t&m (Trellis Coded Modu 
latlon; JUT. TCMtEt. ) It. tt*MIB9flHK± 

icfcit-s^-i- v^;uejiiofc46ic x zm-ittzm^mt 

aLt#Tl»4tfl)^fc4. flE*fr&a>&-l»4b#£E(::& 
■T-5TCMOi:3ttfij^[± N h U'jXft-SHb^fratroT- 
*>. TCMI*. /<7— i&tfattOjK^lctttt&a**!:* 

g««oi-i?f*, *tWA<ag*+Lfcg«fit^A* 

-^"V'fi^^SHrl^ (Maximum A Posteriori probabilit 
y:JUT. MAPtEt. ) «-*l=«fe*l*««flH»*1f 

[0005] cro«fc5fcTCM£3gfflLfcJ§^fl>14SE4: 

W^bLJtct^ifaEiliro^-^tTofcJi^ootilSet^itSL 

fc^iJirLT. Tg. Ungerboeck, "Channel coding with 
Multilevel/Phase signals" . IEEE Transactions on 
Information Theory, vol. IT-28, pp. 55-67, January 
1982 J „ TG. Ungerboeck. "Trellis-Coded Modu I at i 
on with redundant signal sets -Part I: Introductio 
n" , IEEE Communications Magazine, vol. 25, pp. 5- 
11. February 1987J S.U l"G. Ungerboeck. "Trellis- 
Coded Modulation with redundant signal sets -Part 
1 1 : State of the art. " , I EEE Commun i cat i ons Maga 
zine. vol. 25. pp. 12-21. February 1987 J l=EK2? 
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"4" T?fc?>^#-|bSII=«tSTCMI=«fei)ttfig(*. 
4bLfc^T&fl<D*£ftofci§^i:lt$tLT. #*n$t^ 

•5. ££>i^ tcmi*. «fc yffi-&£*ifc4,a>£ffli*£c: 

[0 0 0 6] 

[S§BJ|A<ft?3iL«J: J 5,h-f $BgI] = ±*&LfcG. 

Ungerboecklc <fc£ T CMli, Tg. d. Boudreau, D. D. 
Falconer and S. A. Mahmoud, "A comparison of trel 
lis coded versus convo I ut i ona 1 1 y coded spread-spec 
trum multiple-access systems" , IEEE Journal on Se 
lected Areas of Communication, vol. 8, pp. 628-64 
0, May 1990J ICfEt^ftTl^-g) <fc ^ CDMASt 

*MF-<f>RAKECD,fc?l-, ^^-fb=PJ^ A<1SAP LTM A 

[0007] <&mmtmo>&^\t&m^h^t^<Tim& 

«*:LTI±, MA I A'ttt^A^vTVro^^lcSI*^ 

•5. eai$r-f/<— ■ yf^t'J^StxfctSlzli. 
flQ&M&fetf^XSftta (Additive White Gaussian Nois 

e: awgn) ^^^-Mzn^xm.m^ix^^m 

[0008] ^mBMlt. Z<D& 5 temimizS&3i.T 13:2*1 

fct<7>T?fcy, 7ji,f/U7i- e?>sns:»"Fi=fci*T 
tit; iMMs £f§}fr -s c t a<t # -5 »#<bse* tm-s§- 

at;^#<b^$jSfflLfcEi«gs&i/jini^a. &xs 
»at tua-r -5 c t $ 1 tat r s„ 

[0 0 0 9] 

[fSSI -5 fctf>OT3MS:] ±2ELfcSM^^fiE-r-5 

*^0^lcA^A^i)©^bSSli. ^Sfc<7)S^^#^$ffi5iJlc 
31«L. AASfifcT— H^^itT^n^imW:X'& 

<b<tLT. H/UX^§ft. *— 7f?fc-5§-<bXI=t$-7tm 

axsj^^afe^s^s-o^— y— ^?at, 

^#0)«F^b<t: Lt, £r B 1to;&tmF B W«milEA<S*e 



Tl*£<, 

[0 0 10] CWJrd^SIB^I-^AxS^^bgMI*. 

"(bXI*^— 7l?^-(b^ia^ftL\ -f>9 — y— ^Slz 
cfcoT^/tOU&OK — y— :?£J6L*:&. 

[OOI 1] ±&LtzB(fi&mtfL-tZ>*&BJUzfr 

frz>®mt75mt. &8io>wm*m£ti6Lm\z&&L. a 

a^jftfe^r-- S£##<b-t-5SH§-<b;S;£T&oT. A:*J 
**vfci/>7K;^5iJ|c^LT. *m-5§-<Di|$*Hbi: LT, 
hU'JXUWfc. ^-7f?^^bX(*^-7f5^^b^P0$ 
frdttft-sjft-^bifli:. c«>fttt#tt4fl:xai=T8 
•*Hb $ *tr ft & -> > Ji-:;uig 51J tiff -S £■ :> **;u 

— y -^iscTf^tx h,M^>-^)^mzn l 

T, rt«r#ro^-§-<bt LT. ffiHH&imMn&ttttftt 

[0 0 12] -©^5'&*^B^(zANANi,^^b^lot. 

t-i/'J^^b, *-7tm^bxiot*-7t??S-s|<b£lli£ 
mv v>/K;uso>-f — y— :?£iSLfc&. £F«3 • 
i$Hi3*Ht2S9i£fr-5. 

[0013] sc.ic. ±m.\^tzuifi&mtfL-* *>*%mz 

*14S#<D#-SHbi: LT, (•l/iJXStft, JK»-»<b 
XI*$-tf#^bffiP£ft?tt#^??-S§-lb#Ki:. c<7) 

s «•-> >tK;ko ^ 3t-<© tL s -f > ^ — y — 

JUIc^LT. l*m-«§-(D#-i§-<b<t LT, ^^WX^FbIW 
J«£^14A<«^:e2l y -f / <- ^ £ «BE-r -5 ^T fc -5 ffi 
M • B#Fa^F^b3ElS*ft5rt«F^^b^et^fig^i, 

Sitfc^T, rtft##-§-<b^ei=#J6LT<®*P>;h,. 

A^^^tfc^-^ic^LT, a^*»jg^ffi#xtti>:tb 
tfT;u=fyXAi-s-tJ<»aj*ffi^$tT5rt^ 
a##s<t. y— ^si-cfe^T-o^— y — 

ftfc&A*!© v^/tU^Jlc-x-f — y -^^Jg-Tir 

— y— ^^t,tt$&$^fc->>7K;u 

AIZ&-3 < ft -5 t sua. C t $ 

[0 0 1 4] ^(0J:-5'oC*S£B^(-ANAN^^g^ii % fl. 
»^#<b^SI=J:y. hl/'U^ft, 7|«»4Ht 
XI*^-/K^^bSP&ftL^, -f — U— ?**I=J: 
•p T •> ><£J\,&(D<< > $ — y — 7?£S£ L fc^. rt^^ 
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[0 0 15] $c,l=^fc. ±®LfcBM$SiS-r-52f:S6 
IBI=#>J*S«#*aH4, A***lfc'»7t?;u3gyiJ(=« L 
T, HaF^©&-§Hb£ LT, H/iJXWft, *W 

ffiiHwatfftiBWJti:Wtt3&«**eafe5f«f /<— >^t«n 

*t^«-^xi4$fcbb:*jif* er;urf >jXAizs^<«tb^ 
s#*ft5i*3^«-§-xat. -f y-^xaicx 

tt, ?cov>/t<;u^5ijfl>iE5ijicM'r<t ; 5ic K 

xai=Tff^b$*iT#&+ifcttA*a>*»7|?;u3S5iJI= 

^•o*— y— -^js-r-T-o*— 'j— :?xa<k. *m 

*«F*<bxai=*Jl6LT«*.&*u — y-^x 

ai=Tffi^ait&*i,fcS'>7f?;uS9iJ=ttLT, 
«*fl»xi* if* tf7;u^ y xacs^ < ffi-^£*r -5 

[o o 1 6] Z(D£5?J:*§£Wlzfrfr&&ttmt. h 
i^'Ufffft, *-*#^bXf4*-**??-^b&Il£ft 
lv -»**;u&<7M>$ — y— 7$M^tc&. £ra-B# 
$33 * ft 5 ^^b^ 5S ir «fc o T ft^it £ Hfc -x 

[0 0 17] ijzELfclM^SfiE-r^^aiB^lcAx 

$m<D&mttLx* n>y jtfawtx 

l4$-tfft#<b£tll£ft3n*3##^b^l£i:, 
^v^^uoiij^^^gTLS •< >* — y — s 

BMMfrSfcfcB £ft 5 »*«F*ft*S «t £ « ft# 

[ooi8] c©*5fc**Wf=frfr.6ja£flM6*i4, n 
huuxtfft. $— tfWHt 
xi**-?R»^bKWtffiv — j: 

*fls*«(=J:«. ffiN • B#ia##<b£3l£ftl\ £6 

i=, tt**n¥si=j:y. by— A©**i^*t 



[0019] 3?c,lc. ±&Lfeltt$&j*-*-«*$BH<= 
-5 iBMtt, A* £ ;h.fc -> >tK;u£9J lz*J L T, 

XI**— *»-^b*B*fT5*M»*»-^ft:xai:, -© 
**-»-^«F-*fl:xai=r»*<t4*i.T»6*i*:S/>7f«;u3R 

— cio-f u— ^xaiz-cak^aAfe^v 

»-»"cft*ffiM ■ 'i»iina*<b*n*ft3 na#a44t.x 
att*tsiwftiii. i*i»#a-iMfcxai=r»-» 

ffiUt$is^«s-rs£tfe$pxa*^-r-5^«xat^«sx 

[0 0 2 0] C0)«J:5<t**l8l=^^-53aHt^£fel±. h 

u y *##<b, * — 7f?a#ibxi*4r — T$ftmt&.m £ft 

[002 1] -baLfcaKl^5lJ$-r-5*SI 
BJ(::?!>'.fr&g«gSI4, AA**tfc*>>^3S5iJI=»L 
T, ^»#©»#fti LT, HUUXlWft. *— 

^©H^^<b^s^6.et«&*^fc*»7if;L^5u-&a 

J*f -5 # -> ^TtOKDlliJ? ^3fe-<#7L S -f > $ — 'J — ^ 

mt. cro-f i/*-y-^s*N&tt$fes^fci/>7t?;u 
^5ui=*fLr, rts^co^tt lt, smn&tftftn 

W<P»tt35<« Afi3l*-< / <— *,<?■ $ «BEf -5 fc -5 

i4U:tb*t*^ eT;u^yxAics-5<«jtta*a-^*fta 

Wff^WRfc. -f — 'J— ^SI=«feoT-f >* 
— y— ^**if=*»7|?^5U©iB5iJ*, *4i**t. ?tro 

$ A * a> -» 7t?;u^5ij ^-f > ^ — "j — :? £ 

LTttxe>^, -r-f y— ^«*^6ttift**ifc^ 
>^;u5S5ijr=»UT, «A»^5i^fi^-xr4e* t'T;L 

«#3M£ «t * « * « w t * Mffe i L T t » ^ o 
[0 0 2 2] C©J:5<c*»Wf=^*S6flia«l*, ^ 

xi**-Jt«a^baEW*fftv -f >*-y-^si=<fc 
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ic. &tx£iH3M£K<fcy. sa©xi«g-A0t^ 
[0023] ±aLfcaw*afi£-rs*fiKi=^ 

frtSflttftfcft. Aa^ftfei/V^l^JIcttLT. n 

14*— #ff#fcM£fT3»Mrett4Hbxa£:. c©i* 
»#»*fl:x8i= t £ ftT» t> ftfc *> >7t5;um5"J 

* tf j*r * * -> >^kcih^ * M^a *. « -r> * - u — 

i«*t«1HMbi8fc. cort^-e-^^bxsicTW 
*fc*ftT»Sftfc*BW>;* h 'J— A©^ft^ftlc*f L 

ratt^p £*£-f &fx£inx?i£ =rr sins t $m 

^■efcot. AaSftfc^— 5Mc*JLT)£ffitfe£trr 
asffititxg^^-r-SSffixg,!:. W^^-lbx^lc^ 
j£LTti*.e>ft. j£ffitfcx:g(ZTffiffi«*<&£ftfcTr-- 

UXAIzS^<«ctB*a#^^5l*l^-§-ffi-§-Xg<t. -f 
>^-U-^Iglct-f>$- 'J— :?£ftfc-»/R/U3ji 
?i|©iE5i]£. ^ft-^ft. 7cO)->>^;U^5ija)lB9iJ(~M-r 
<fc 5 Wft^«#xfI(::Tft#lb£ftT*#P>ftf::*fcA 

'J-^XSt. H^^^bXfilc*tfSLT<«x.e,^ 
T-f > $ — 'J — ^Xfl 1= T &-<ff £> ft fc -> M 

so* < a-^ £ 5 *m#«-^x?i t £ m-t & ffi-^xn t 

[0 0 2 4] C©J:5'SC**BJ|-3!i^^S«^li. K 
b'JXflF^b, #»*fi:XI*$— #»*<b*H*fr 

M»^b*B*fTt\ «&©X h'J— A©*ft 

^ ft ir *t l r ffitk^p «fc o r&ft £ ft 

[0 0 2 5] 

[^BJ(DH]S£<D^] JilT. *ftBJl£;SffiLfcJ|#M£ 

[0 0 2 6] C©JgJ£©fl2fgf±. 131 l^-f <fc-5C:. t 
-f $?*;H***3&«tt1tl jWfl|jtft»*<b»l=J: y*# 

«»2**LT»WR1t3|::»L-Cja&«U crogfg 
[0 0 2 7] COf- 5»5IS<I->XTrAICfcL^T. j£« 



5i — y — / t&it L TIBOT izmm LXffitfL £ ft & =&©T? ft 

y. »n»fcLT. i^a^^bnoKU'j^^ 

afcjyjSffi&^-i&^S-^ (Parallel Concatenated Co 
nvolutional Codes; PCCC) . ^"teft*.. 

£ — 7Kft-^b^iH (Turbo Trellis Coded Modula 
tion:felT» TTCMt lETo ).*JfllV L 

-c. ffiflB«ai;i»iBiB<i:w±4««*ea65f-r/<— «>^* 

«I«-*»#T*fc<&ffilB] • BtmtPHbM (Space-Time 
Coded Modulation ; KIT, STCMtlHt". ) £fflL* 

SB-e©jI{s£ Uofc7;i/f^X7i-v>^I^Tl:fc 

[0028] sr. %aksi &i;sASS3©«Eci= 
oi^rsiB^-r^o 

[0 0 2 9] ###SJ£2 (Code Division Multiple A 
ccess:l*lT. CDMAigf. ) Sat^jfiffl Lfc*>X 
7AI=£lf«£fltS11l (4. g|2|C^-r«fc7l=, »*<b 

»t» a«»tf=*ai*ftT«rt*ft*. »#<b«i*. 
nff«a>««ft«ff3»i>«#ib»i it. xtsLtzf- 

£©IR#£a£'<# >^i — y— /<i 2<t. rt£H§-© 
ffii)3£*T5i£1&&II3f5l 4t. 7 s — **n»^taiflif 

iaiTi-ftl 5, 1 6 t^DitiL^ 

[0030] »#^bSP(-fcit«,n^F-§-<bSi 114. v> 
/KyumjUb^A^lL, P$ffll4«:2E-rSA<. M&ML 
a»WKIOhU'JX|», 7f-C^XI4TTCM^ 
l=J:«fiF^b«lT5. n««fls«1 114. »^<bLT# 
t>ftfci^>/K;U^Jx=. . . , xi, X2, 
X3r . . . , x n ^^l6©-0^ — 'J— /<1 2IC«$&-T 

c©*1-»#fl:»i i &tb:fc£ftfc*>>7t?;u3i5ijx 
14. fiXl=J:oT£i:«M<ll=M-r«IIUKtllAO«isl 

iTiE^prtgfr^to^fcy. ^«i=w*ftf = «ie* 
©-eft -5. 

[0 0 3 1] -f — "J— Ai 214. ->>7K;H^?iJx $ 
A* L. c©->V7K;u^5ij x ^1*jje-r-i) : &->>7f?;u©lill 
/¥*HffS©aglii«1tffilc»r5LNT3£^@^. -»tK;U 

^?ijx' tLTflHafflrtOTftsi 3ic^if&-r^ 0 

[003 2] fcfc. -t— 5r3£»«S/X-rAI=teL\Tr4» 
SI(iS6«i *<-f>4«— y— /*i 2 zmfLZtt tic ^ 
^ SAKS 3 jWt-T > $ — y — / < * d a ^ Z £ lc <fe 

y. aflis«3i=feit*x-f >«r— ij— /<4x6a**^t 

JSWSfe^f't'Xjt^ (Additive White Gaussian Nois 
e: AWGN) *<Jra*&ftfci§-&l=S®fc!f#tt£5S-r?3 : 
^b^Sia-rSCt $ P>ICj3SMA I (adverse 
MAI) *>7;U?/<*. • 

-r*»#<b**a-*-*cfc*<T?**. 
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[0 0 3 3] STCMICJ:^^b^5rt^Ml 
3 I*. S{I$f-< /<— i/^^feSfctolCjiiRL-CUS 

2V / <— < >^ £ «EEf * J: 5 & J: o T fSft * 3x 
-So F«m-*HbS§1 31*. -f>$ — 'J— /*1 2A^«t$&$ 
*lSi'>7tOU&*iJx ' £A*JLTSTCMIZ,J:.S?3 : -5§-(b 

[0 0 3 4] =l(lg|5l-fcl+-5i£U[^iSI§1 41*. ft^it 

Afl>»l=»j6*-*JMHi**-*-<&. £33. S2(=j3Lxr 
I*, rt£F-*§"(bS§1 3A^C>^$&$H-5 2*<7)X h'J— AA< 

tU$UU5. ffitfe^HSn 41*. d*tP>c7>*g3&cD 

9ij ss^ss^ c. «$a * ti s &tm#2&5u * &± izmm-f s 
ctizj:y. tttk*n«ttr. ffiSksESisi 4icj:or 

fcl*RF (Radio Frequency) KMI=J: ot^^h 
f=&. jHffiT>^^-1 5, 1 6^LTngPI-j^«*tL 

•5. 

[0 0 3 5] £0>J:9<j:ja&flrartM It. tt*H^bSl 

i. 'j— /\*i 2Mn9fft«i 3$a^Lfc 

£ffiife£PSl 4l=.fc-3Tia.1IMHB.U 

s, ca>iii«gai i^o-canis^fc^-si*. it 

S&2£*rLTgflgM3|c#$S;* ; h.S„ ##XI*B##tij 
fcM^-f/N*— >^7jifcl*. t-*KIL ft8fe£SI. hU 
•JXWJHtXtffflIB • B#ra#-fMb£;*tfcGi£* , -r /<— v 

S= 

[0036] -tj. g<t^fi3ii. m 3 ic^-r,*; a i=. 
strain i=*h6LT. sissst. «-^«p<t[c^»j*^ 

t&3 2 m^gpi*. amssi i= fcits 

(bill 3lc«f5-rSrt^#«#S3 3 t. A^LfcT- 
^cTJlUJ^^TclzM-Tx'f — 'J— /<3 4 aUSSfi 
1 Kfclf SttSHHbSSi i lc*tfS-f S*1-?3-^*M-s§-S§3 5 

£flg*.So 

[0 0 3 7] S«ffl=fcM7-*&tttM»3 2 1*. ££«jgg 

T^-f t-3 1 IcfeoTSfH^^. EiKLfcUR Ftt|«» 
l:*?T«4tifcf-*i:JJLT. ffiifcSEPSSi 41= 

t Httrotttro-iHKai * saw s - 1 1= <t y . 

>£&fft£J£-r„ CCf, aftT>^^-3 1 IZcfcoTS^ 

ar-fesct^e,. j£&uts§3 21*. &*g>.3.— yi=is 



*a«fijfl!-c**»*a>i*K aifi£**i^*4,ro-^fcs. c: 

<fcoT7*>X hSftfc/W Ely h *>>7f?;KD4>t?fflL^& 

2tttS3 2f=J:oTaS«,*S;h.fcX h'J-A 
I*. RAKE^*» »ISa>tt#S|JI=ttif&$*l. 
S. 

[0 0 3 8] tt-*ttl=£l*«|*,fr9imft3 3a. £1(1 
*tl I=fel+*rt»-i9-fl:*i 3l=»j£LT(f;LP>:h.S : t 

■7 s — $l=fcfLt\ fi^3f&5t^ (Maximum A Posteriori 
probabil ity ; felT. MAPtief. ) ffi-^£>»fcb A fcf 
^IfT^^UXA (Soft-Output Viterbi Algorithm: 

sova) i=*rj<ttmatts-fcif5. n«««««3 

31*. ^Lrf#P>+Lfc>>>7t?;HS5iJy ' £»Sco-T-f 

ij-/<3 4i=tttb*iLr«ttTr*. ccd 
•✓i/^u^jy • i*. i=feit*-o*— u— 

ai 2iz&r>x4 >*-<)-7£*itz'>^7tj\,mnx' 

[0 0 3 9] =f-<^$ — 'J— /<3 41*. j^m^Mll=33 
If £ -OS — 'J— A 1 2|c<fcor-<>^ — 'J— ^S^tfc 

?UxroE5iJ(zB|-r«fc5l=. rt^-§-ffi#S§3 3A^t.tt$&^ 
*t-S$JtAAcO'>i/7K;U^5Uy ' — 'J— ^*46 

■r. f-f>^-'j-/?3 4it -x-r >$—<j—?LTm 

f>tLfc'»7f?;uS5U y ^^ISC0i1.^-§-m^-§l3 5 l=tt$& 
■TSo ftfe. C(D->>7K/HS5lJy|* % SfSgSl IZfclt 

5-f>f-'J-/^1 2lcA*S*i5 *>>7lf^?U x iz*} 

jfc-f stco-efcSo 

[0 0 4 0] »ft§a#83 5I4. &1B81I1 izfcltS 

*y&mt&-\ i i=^fEL-c«^?>^^t,coT?feS) 0 

#«#S3 5I4. «5zE-rSJl«SStt^^j|i]§§3 6A^b^ 

S3 si*. ta#Lrf»&*tfci/>7f?;u^5ijb' $tu^-r 

So 

[004 1] JlfflSSttftl^;li|S3 6 I*. rtt#i#S3 

5icfcitsfi-^5aa$-7 , ->x b--r%tztbizffiz.e>*i&b 

3. . . . n^-§-s-§-§g3 5i=«ier«. ^ 

as. #»««ttitaz j(*. i^#5cs i $au£-rs 
C t iz J: oTf# t.^is*i!afii-efc-So 

[0 0 4 2] ZCO^atCSiigMSI*. ^ISeiANC 
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t#s#«3 3, f'f>$-u-A-3 4ai;ns§Sf 

[0 0 4 3] *r— SStgfti'X^rAlzfclvcii. £H • 
b*m y-f /<— * * * -V * iU A *l # 



p{yUrz) = Jl i p[y l \x i ,z) 



[0 0 4 5] ±SC (1 ) IcfcUr, p (y i | x i( 
zj) li. ft*Ml:BLT. A*£$iJ*< "xf 
Uao "zj" A<CS I T*fci>iS^(-, ffiis^^fcw* 
S*|J*< "yi" T?fc-55t*$^LTL^-5. 

[0 0 4 6] «t^p (y j | x j, zj) it, T-Z&m 

±5£ ( 1) lc^-f 5i3M±, 3tffiM£it*BftHtt 

I*, ±S (1) £^T^V*;u£#mttlf£c:<!:lcJ: 
fff^GlS y STiE (Forward Error Correction: FE 

c) (DS*TA^t)a^^^^■^r^;Ko<s*f^«Jyst-r^^:^p^ 

£ p [X,Y)-E p (X,Y) 
E p [X,Y) 



"x" tftuto "z" *<CS i -efc-5ii-&ic N 
;uaj*m5'JA< "y" T'fcStt^^cfcy. S£±|c#®ttl-f- 
CttS. -Tfc*)*., f^+VUtt. (1) t«fcoTS 

£l-4#&ttl-J-t>;K£. 

[O 0 4 4] 

[&l] 

•••CD 

[0047] jt, wt-c?i*. &mmmi 

[0 0 4 8] l-fe^TI*. M-ft^bSl 1t 

An-r-Sroictt^tor^Wiz^s (2) atf&st 
(3) lc^-TltA<ilS'>-r5Ci:lc«@-r^ 0 

[O 0 4 9] 
[&2] 



(2) 



[0 0 5 0] 



E p (X,Y)-E p [X,Y) 

ACID 7 DTD K 

E p {X,Y) 

r Arm K * 



[&3] 



(3) 



[005 1] dCDCtl*. l>fc>tf><5Alamouti;5S<!=te<7> 

[00 5 2] AWGNf-V^UC^tSftffJSTCM^ 

'V KSiH^g^^b^tt^^fCfe^,, #J*.|£ X ro. Div 
salar and M. K. Simon, "The design of Trellis Cod 
ed MPSK for fading channels: Performance Criteri 
a" , IEEE Transactions on Communications, vol. 36, 

pp. 1004-1012, September 1988J I'D. Divsalar an 
d M. K. Simon, "The design of Trellis CodedMPSK f 
or fading channels: Set Partitioning for optimum c 
ode design" , IEEE Transactions on Communications, 

vol. 36, pp. 1013-1021, September 1988J 3£fCfBtE 
S*tTl*4J;5l:: % 7i-y>yft^l/±t*0TCM 
ttomvmmm. (error event 

path) (D5*k *»MXf*«S<&/<XL ra ini. « V £ 



S^^/^XMAofcfii/Mftffilt (the minimum product 
distance) A L t \Z& oTS$ < &W£*lZ>o ^tL*<D/<i 

fatzfet£& % M!$.-t&tz&b\Z^ l^fofy&MT CM (Multip 
le Trellis Coded Modulation) *<ISft*+t. «*tB*l 

[0053] —^M^MTCMft^^ffllN^TCMlzfe 

60)STCM5/X^AIZ|H^«tt-*^fc»tt*«*» 
^"^'SClfCfeSo Tv. Tarokh, N. Seshadri and A. 
R. Calderbank, "Space-time codes for high data ra 
te wireless communication: Performance criterion a 
nd code construction" , IEEE Transactions on Inform 
at ion Theory, vol. 44, pp. 744-765, March 1998J 
fcl*T\ Tarokh£>[£. ft&fi&S. (Time Division Mult 
iple Access ; TDMA) ^S^Sffi LfcS T CMyX 
"rAdfULT. =7 ><7 &.ZSft&\j£&m (the Rank and D 
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eterminant criteria) t ffr£*l-5> 2 OCDlSttS^^ £1 
3SLTl*«. CCTrli. ^<7)2 0CDUW-S*^ MTC 
M»#fltitlz J: o TK«lc««ttlt * 5 I^^IE * 
*l5 e ^0>5PISS*JBl*"t\ To. J. van Wrk. I. J. Opp 
ermann, E. Pretorius andP. G. W. van Rooyen, "On 
the construction of layered space-time codedmodu I a 
tion STCM codes employing MTCM code design techniq 
ues" t in IEEE VTC 99: Vehicular Technology Confer 
ence, (Amsterdam, The Netherlands), pp. 2969-2973, 
September 1999 J IzfclNTI*. STCMvXfA^l 
tt2ti- <7 U v (the layerd squared Eucl ide 

an distance) &tfjftt2^L— $ \) y KEJtEtt (the I 
ayerd squared Euclidean distance product) A*5£1S£ 

[O O 5 4] MTCMfi. btf^KD 

/W -t-*)A1itt*>lz^ «a&«WHI=fclvckxQPS 
K^>>^;U (QPSK ; 4*§tet§ (Quadrature Phase S 
hiftKeying) ) |C*7 y s fcf v hCD/W^ «J 

Ml ic felts 1 £LTiS3g£;K£MTCM 
»#<b*4 1 /tv-*— £kl*. #-S§-(D 

(multiplicity) <h ^ (Dtfe y % hb'J 

xizfciNT^SSl^iij y £*tfcQ p s k-»tK;u3S 

CD k = 1 te. -ffitfjfcTC 

[0 0 5 5] MTCMfif^t84 1 14. H 4 ICS"*-* 5 
|C % ^JS.If 2OC0TCM^1bS4 2, 4 3 Z^lb 
0)TCM^bS4 2, 4 3^t>(7)s t*^ h(D/^-r^-«J 

m a £ m & o -j p v m tt -e -<> $ — u — ? f § 2 o <d 

ynyO • *>>7tOU • — U— /<4 4, 45t, C 

^X^CO^P^^ • v>tK;U • "f — U— /<4 4, 45 
b ttl^J S+tfc'x — £ Ic^f L"CQ P S K^iS^Slcft^5 
l^rft^OV^ tf^y^^a 2O0Q P S K7 7 tf > 
^4 6, 4 7t$tt4c 

[0 0 5 6] MTCM^k§4 1lt bt*7hO/\V 
:MJ A*£#S9LTTCM#^bS4 2, 4 3(D^tt-? 
*llC0fe»U Cftb<7)TCM#-5Hb3§4 2, 4 3^^+1 
**tl=J:oT»#<b-r*. MTCM^bS4 1li, T 

cMfiF#<b*4 2 F 4 so-t^^ttiz.fcor^^bLr 
)v ■ -r >£— y— A4 4, 4 scD^H^ttiZctor^^ 

t^mi, m2, . . . , mfc^^t k fi£>£OU— ^{ZlE 
«jy*f — 'J — So f Lt, MTCMff§ftS4 
1 li. :?P-/£ ■ i>>7p;U ■ -OS — «J— A 4 4, 4 5 

<t> * ix-e ti i c cfc o r -< > * — » J - ? l r t# & *t fc # u 
*W5o ^o)QPSKv>t>;ut F*m#*b»i 3IZ 

[0 0 5 7] ZCT:. «*fi*tt»IC1 v^TfxVUt-TS 



SKU'JXI*. L min =1 *CD«C:ol>TCDtg 

TE. Biglieri, D. Divsalar. P. J. McLane and 
M. K. Simon, " I ntroduct i on to Tre I I i s-Coded Modu I 
ation with Appl ications" , Macmillan, 1991 J IziEft 
$ttTLNS<fe5lC. E s ' =E s t*fc5Ct^b, ¥&)B 

s ' " Hfgicii - a>«t>yi3±^<^$nr^ 

[0 0 5 8] l=feit*^»#<b»i i <t Lt 

MTCM^I^bS4 1 ^ffilx^T^P— LTIi. 3& 

/^xA<#^ELrt. ft**<L min =i -efc«Ky*ec 
[o o s 9] ffim - *im»#a>»tncfei\n*. TE. B 

iglieri. D. Divsalar, P. J. McLane and M. K. Simo 
n, "Introduction to Trellis-Coded Modulation with 
Applications" , Macmillan, 1991 J |Z|Ht6$ttTl>S 
bVlzmU-r&^M. "Ungerboeck" tit 

$at>tlXl^h "From Root-to-Leaf " T~Ju— 
LTl^So Mk&im&k LX\t. I"G. Ungerboeck, "C 
hannel coding with Multi level /Phase signals" , I EE 
E Transactions on Information Theory, vol. IT-28, p 
p. 55-67, January 1982J lzEIE**lTl*5Hfttt«j: h 
b U X^-^-IZ^f-T SUngerboeck(D?l- 'J y^-;KD*^»SlJ 
^£A^C>MaiLfc*^OkfS^^;^ hW^jpJffl-T^o 

»SJ^IiBtt. p s Kff *^kfgf*;b hi 

[0 0 6 0] ±££Lfc^fi 1 ftg]^ (multiplicity facto 
r) kl*. ffiM ■ B#M»#a>Ktt^lllzj3L^T«tMB 

tes^*-zv&z> 0 -mz s mmmit. t**ji>/s 

^^^^lt}^co#^t^■^^^L^tcD•r?fe^ 0 ro. j. van 

Wyk, M. P. Lotter, L. P. Linde and P. G. W. vanRoo 
yen, "A multiple trellis coded Q2psK system for w 
ire I ess local loop" , in PIMRC 97: International S 
ymposium on Personal Indoor and Mobile Radio Commu 
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ni cat ions, (Helsinki, Finland), pp. 624-628, Septe 
mber 1997J iCfcl^T. 7x-y>^^^H:^tl) 

h y i(?)M t? - 1 i= ck o r £ j: -5 i^mx ts tim 

"So 

[006 1 ] C " T? v Ungerboeck(Dffi-&«-flJ^|ZOUT 

tass-t*. ft&\ 5**^ h«enr?t t tat 

[0 0 6 2] ft^SHaiCfc^Ttt, Mt=2<D^#1S 
I+*#JtLfc**l=l*. ^-rm-O^IHi: LTs A 0 # 
A 0 £i=O, 1, • • •, Mc-1 t-t«J«*ftlt6*l 

fcf*;H~S {A 0 #Bj} l:i-3TS8S^M c ->if 

^-;U**I=»W-*-*. BiO«2<DSift {j 2 } I*, M c 
Z&t-t&n j + i l=J:9T&tt£3h.«. £M • B*IHT 
v\£ls<?lzmLX\t. JiaLf=B«2*a.-^u KB 
Ml £ #*ih.*«r«a>l«t/<7 j« — S» * JE*T -5 c t 
^Jtrfci). k = 241(Dg#tfr£>ft.&£-&a>l^ft 





00 1 1 
22 33 




01 12" 
23 30 




02 1 3 
20 3 1 


V 


03 10 

21 32 



& * s ft-sic^js-r -> ^/tonuiBJiroft-e fc -s 

CtA-'Cs ft-&»9ltt. Ao#BjA<|^-T?fcS^:IE@i(7> 
■Y > h-^Sigt (intra-di stance) „ "^ft*?*,. 4#^£# 
XI*Eiii(DB5Hrtfl5aP B 1S§?gt$«iiE-rSo <*&lc v ffl^- 

-r* hu , jx±ic/^L';u/<x*<#^-r-i)Rrtn4a>$g 

JL JM62»i— fry* Kffi8lrofi/Jx«i4 % 
ftitftlift^ftLv, dro/^y— si*. ±^Lfc®tt2 

£«, LfcA<oT, 2H©g^P,7Sc^^O^T0!)S4IC 

*5i+5S/ho®«2^a.— > y KBStSl*. A 0 #B 0 
££j*-f£f=ftlc v S^tft^ftifftUfft^ftiv, eft 
14. ^»g&fiJfS§nCDa«lC,fcoTft;*;pu **li<m 
#£ftfcS:*;fi/h (maxmin) fS^C-S, nlCOl,*T<0 
*5y^5fiS$H-»Lfc$Sm. n = 1 "Cft-Stl^fi?*^ 
Lf=. QPSK^iS^lzJJIt-5MT=k = 2l-Ot>T 
<Dm-£A 0 #B; ( i =1 , • • • , M) ft* *tf (4) 

[0 0 6 3] 
[84] 



(4) 



[0 0 6 4] fcfc'U =&ft^(*. 4E b (Di'M>h7 
l^T0M>$— B£t (inter-distance) . -fft*?*,. ft 



fcUTI*. A 0 #B 0 £# 
[O 0 6 5] 

[Si] 













BEb 


A„#B, 
A 0 # B 3 


4Eb 
4Eb 



[OO 6 6] ft^JMHftlrfcHTtt. ZW^mt^X. 
Mi©^Ao#B ^^tl^H*. 2O05*-&C 0 #D 
i0» C 0 #D n[Z#ffl-f So *^Co#D i0 l*, S8fc<Dg 

* (j=o, 2, • • •, m-2) ^^fctro-cfcu, 

J6£C 0 #D Ml*. ( j = 1 , 3, 



M-i) **t?*a>-e**. c<D^in£ffli>-c£fifc£*t 

**^C 0 #Dijld:. (5) T-g£*L<5. 
[0 0 6 7] 
[«5] 
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C 0 #D oo = C o #Z) 2O = 



C n #£> =C n #0, = 

0 01 0 21 



C a #D=C#D = 

0 10 0 30 



c 0 #z> n = c 0 #z> 31 = 



00 

22 

1 1 

33 

02 
20 

13 
31 



(5) 



[0 0 6 8] :Ct\ £-m-&#8 EbOg/jNCD-f > 
[006 9] i£«gfi1 &tfg{S^fi3fc;fc^Tli. EF 

<htfT-£& 0 m****;Mi#H:. «Mff»(cESft**Lfc 

J$MI:i*H<3f*i£o 
[0 0 7 0] £S14B^*«MT=k = 2T?fcS#-5Hb¥ 

Bt *ot8l+A*i6iifc2 e*^ h»t % 3HiS§2£:fr 

Xf — hl£JS0 ( i nput/output/state connection diag 
ram) I4 % Xf-«A< "2" 0>»^lCli. 05 (A) 

i=*-rj:3i=4:y« x^-hgs*< "4- a>»*rztt % b 

5 (B) [ZTjkf^OlZtji^o C^lt V — Xg?Sfc 
(b lf b 2 , b 3 (D, b 4 (D, b 3 (2), b 4 (2)) 0)^7 
^fO^Dv^^StSo CCT?, z = 1, 2<h 

-rittijfcf-yh (b 3 ( z >, b 4 k>) I*. HSLttl^SEW 
Sir cfc o T Q P s K y>^;H:7 y t?>y**t*;:il= 

[0 07 1] ;Ig^"2 M CDli^lZfcl+S^S^**Lfc 
ft^itmtf "2/4" ttffiM • B»Mtt*(Dflt&(* % X^ 
-h»A< "2" (Dig^f*. 0 6 (A) lZ7r.-?&5lztj: 

y. X^-h&A< "4" CDi§^IC|±, 06 (B) ic^-r 

c*:a(z^*o &x^-Mzi^-r&tt8u -r^*>> as 

2=4*£k£o 
[0 0 7 2] ST. ±iSLfclltt^&. flMMdfrAft 

mtcm^sppI - bsh • *»#(©#5Latf**iia 

^^t5C^A^#x.b^i?)o rp. Robertson, "Code 
d modulation scheme employing turbo codes" , Elect 
ronics Letters, vol. 31, no. 18, pp. 1546-1547, 19 
95J -V> Tp. Robertson and T. Worz, "A novel bandwi 
dth efficient coding scheme employing turbo code 
s" , in ICC* 96: International Conference on Commun 
i cat ions, (Dallas, Texas, USA), pp. 962-967, June 1 
996J ICfcLvc. Robertsonli s T C M t $ —7$ft^t <D 



20©#iS«^tTTTCMtLf:X h U— b ■ 
ZP^rD — K ■ T~Ju — J- (a straight forward approac 

h) ss^Lt^So -ct*it 'ikmowtikte. STC 

Mte&?*/<--*>?>isTi)*lzte\+Z>ftft-^t LT. £ 
-t^MTCM (JUT. T-MTCMtlfito ) Icffi31£ 

[00 7 3] i 7 (If IE **lfcT-MTCM ^^bg 5 
1 **-f. :0T-MTCMtfftS5 1(!:, /W^'J 

an • mid • ^^s^<7>FbKd^^^i^i4s t- 

MTCM^kS5 1 A<e»y h±-CM£ft< (£fi) V> 

[007 4] T-MTCM»Wb*5 1tt, AtlLtzT 
— $ IwMLtQ P S K^IS^SIcS^L^r«-^jSO>^ 
tf>^ff9QPSK77t fl >^5 2t, dOQPS 

#<bstf q p s K»*ai:aw<fl*jf[fl)7 * e>y 

£fr? 2 0(7)MTCM?5F^bS^r/Q P S K7^e>^ 
§15 3, 5 5£. QPSK7^e>y«5 2^6©*« 

^■•<>^-'J-^5 4t, MTCM»*kMtfQP 
S tf>^fS5 57!)Nf><7>ai*V/>7p;U$r-<>^ — 

U-?t5 2O0v>^.f-<V$-'J-/^5 6 l 5 
7t % MT CM^bS&tfQ P S K7 ^ tf>^5 3 
<hi>>7tOU • — »J — /*5 6 <hfrfc><DHj 

&tf/t>9?*||5 8 <t, MTCMRffcJHktfQPS 
K7^e^S5 3ti/>/K;U- -x-f — y— /*5 7 

[0 0 7 5] T-MTCM8fftS5 1lt, bt^/hO) 
7 s — £*A*U QPSK77 bf>y»5 2|Zj:oT1 
JSlz b fcf h (DfitfRfr ft 4 * yV^iHc Wn tc 1if $fi 

»*Hfc**« "b/s" OMTCM^bSat/QPSK 
77e>^S5 3 F 5 5C0-5-tt^+tlCj: LJltSWlC^ 

v>7t^;U9-<X ■ < >£ — y — 
-Tv>/f:;u - -f >^-y-/<5 4ic«fcoTiti*M(zfli3i 

[007 6] MTCM^ftSMQPSK7 7e>y 
S53, 5 5li, ^-ft^tu ±»LfeMTCM»fft» 
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ffcM«QPSK?7e>^5 3, 5 51*. -ttt-? 
*U ^#S^2*7ca>->>7f?;usFffl|;lS^|c-7.y 
•T^o C^Xt><DMTCM»^bSai;QPSK-7'yhfi/ 
^§153, 5 5ANe,05m*v>7K;Hi, Sfc-SsHfTV 

a^e. £j£ * *t -s >tK jux k y — a $• mmt -5 fc A 
i=, ^srov^tOHzu^i'&y/O^ftgs 8, 5 

9 ir <fc o T 3^S(=/ <> (? J- V $ *i-5> „ 
[0O77] CCt, g|7*Ne,. MTCMmHbStXtf 

QPSK7-ye>ys5 5*->c,roaj*->>7K;nc«-rs 
frommizm-ftzib^ ->>^;u ■ x-r y — as 

6, 5 7<©ftKr-fft>+tS^ICj£g-r^^7?fe-5 0 CCD 

¥-mi*. *ltffi*>>7|Ou*<£5£S/>7i^ua>i oro^ic^- 

TCM^tSMQPSK77tf^S5 3, 5 5© 

[0 0 7 8] T-MTCM?f#1bS5 1 ICfcl^Tte. -f 
— 'J — ^i&S&tJ-x-f — 'J — ~?9&M.ii LT, 1 
o<D0!l*.£|8ax-r;i4. /<-f*'J*-»M9*fl:*5tl=HKH 
LTllff*^'S)'<#-efe-5o C©^ijni:tt> T-MTC 

— y-^&tfT-f^S-'J-^ft-S&^tffc 

1 14. ->>7f?;u • — y — As 4Mv>^l- • "7 s 
-f>5i-g-/<5 6, 5 7&frr«w£|::j:iJ« ->>;t? 

SStS. T-MTCM^<bS5 1l:fc^Ttt, ■<> 

$ — v—zr&mjBLiST'OZ— 'j—ymmizmi-ztiKJ) 

4#l=. ±iELfc<fc5l=. MTCMtflbgMQPSK 
"7-ytfX/S5 3, 5 5A\f>©ai7JV>^KD/t>^5 1 

I*, /^u^-f tf-y h*<*»/t?vu • -<:>$ — y — As 4& 
r/->>/K;u • -r-r — 'j— as 6, 5 7 ©JSfl^f^t^-a- 

left LT-«lz»**H-5 C t *&m\zi-Z> 0 

[0 0 7 9] T-MTCM^«5 1tfiUT 

I*. QPSK-7-vtf>^S5 2 2itj:MTCM^^bS» 
«QPSK7";e>ifS5 3, 5 5|Cfclf -S^y tf>^ 

OV $^Sitlfc7i- tf (phasors) CJiLT, ^ 

/ U -r y v > 7t?;u £ 9] y a x -5 . 

[0 0 8 0] T-MTCMf^bH5 1 CfeU 

-ci*. y>t^ti/7ii&y/07fvS5 8, 5 9iz 

PSK7-ye^g53, 5 5^e><Dtti:*l->>7K;U;!><3£ 



14. i/^Tti/U-feU^&tfA^^vSS 8I4. MTC 
M^#ftSStf Q P S K7-y e>y§5 3 ;!f CD Hi 2) -> 

>7t?;u<tv ->>/P;u ■ ^-f — y— as 6 A^cDffi^i 

&t;Q P S K7-^>ifS5 3ANC>CDtil*V'>7K;Ut, 
->>^U ■ T-f — 'J — A5 7 AN&rom^lv'^^Ui: 

•(bits i i-fcLxri*. M£-i>a>£^yA$— 

[008 1] Cffl,t5iST-MTCM^bS5 1|:M 

js-r-ss«^a3ic*5it^^-§-«-^s3 si*. 

2 0<7>ffi-5H§£ffil>TU:btf>5ii|y 

t L-C*j££*l.5o *l-fc^fl»SS3 5I4. -f5<D^^ 

& is c &gn :/#;u= is t^r Hfi»wa*v * y 
^i.tticfisistL-s-.tizcfcs,, Lti'ot, mm 

(systematic component) 14. *1-n|Sfi£# (extrinsi 
c one) A^e>»JH**1.5»C £*<-C*#fcl\, -£-LT3:fc. 
n^tt-§-S&3 514. e>> hST?l*^E< ->>7f?;usic«i 

[0082] /W^-y^-/f:s#sic;te^T. ^yjSL 

<feCDA*lc«c#LT, hlr«-r5,3 0<Df**D 

fi*jjt£aj»ic»ite,^i, 0 tut>%^ #a-^«na>flma) 

SI+iSLI*. &f-y hlco^TS«Lfcliffl®^rofiSlz 
»JS-Ti>WSP (intrinsic) Xl*&t8»£#j!><frfr:b-i> C: 
♦ftrSt^'tfHS (a priori probability informatio 
n) tfiWftO>'&^%5frt>5-fLt>ixh^iz^ JkXS. M-asit 
^ (extrinsic information) ft fr£>*§ 

C,^SZi:l-»ltP,^5. naJlS^I*. Jlt£-S«-S§-X;fi 
l=^5L^TI^-1«$5<D#«flJffl$|5]iS■r■5f=^6lc. *M5t 

»*<i ffie^*4x4ct/=i-t^^t-ri»ci:T?fey. 

fc-5f=to"e&-5. 24§(ita (Binary Phase Shift Keyin 
g; BPSK) ^IS^^7b<ffl^t.+Lfcli^|c|^ ja^tS 
$B<!:/^y ; r^•^$gt*<»]^ll=•eill*^^SCtA^e.. C*l 
P>l*»i8l^--l)Ci:A<i?#S. — iSL^x^^ h;^^ 
£iSj£-r-5)fc#>lrQ p s K^p^^CA<fflL^c ) ^^fcli•&|c 

I*. i r><D*,>#Mtt&me v t-t/*<)T<(i%mtom 
^^^fcctA^t,. c^f,ro»gti4. /^y^r-r/S^iz^ 
^^ais-TMA i ■< xmrn^^^^it-r 

§g5 1 ic«js-r-5>n^a-^§i3 5icS3it€»=&s#^ 
p, (officii. #str«s*isis«!:, tmat»t9v»mmta> 
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to 2 -oomts; % l&ftlZft It -5 t # 
[0 0 8 3] £"C. &±0><fc5£ttft^(Dte1£i1Hffil4. 

ffFHi*. rt^rofi'Mfti-^ 'J KSg&icfcit&gfc 

— X-f- — Kim (superstate diagrams) tBEPWJiRl 

[0 0 8 4] MTCMfDB E P14*6<D±®I*. Td. Div 
salar and M. K. Simon, "The design of Trellis Cod 
ed MPSK for fading channels: Performance Criteri 
a" . IEEE Transactions on Communications, vol. 36. 

pp. 1004-1012, September 1988 J * To. Divsalar an 
d M. K. Simon, "The design of Trellis Coded MPSKf 



or fading channels: Set Partitioning for optimum o 
ode design" , IEEE Transactions on Communications, 

vol. 36, pp. 1013-1021, September 1988 J % CD. Di 
vsalar and M. K. Simon, "Multiple Trel I is Coded M 
odulation (MTCM)" , IEEE Transactions on Communica 
tions, vol. 36, pp. 410-419. April 1988J S.U Te. 
Biglieri. D. Divsalar. P. J. McLane and M. K. Simo 
n. "Introduction to Trel I is-Coded Modulation with 

Applications" . Macmi I Ian, 1991 J IClBfE£;h.Tl*<& 
(6) lCctoT-5-K.t>^So Jfcst (6) \Z& 

t^T. Zl*. Bhttacharyya/^y — $V$>-oX, JfcSC 

(7) l:J:oTS8*ilS. 5*3* (7) Icfcl* 

y, t (i, d) i*. ^mhuux^tiia^ite,^, 

[0 0 8 5] 
[»6] 



[O O 8 6] 



Z = exp 



(n/kw* r ) 



(-4^;)= 



(6) 



[»7] 



4 kAT 



(7) 



[0087] 5tl=06 (A) Iz hb'JXi: LT^Lfcrt 
ft-S§-£fiH*fcX-x— "2" tfcyioMW 

"2/4" O>TCM<D«^0>tt&£#*3 o CJhKfctfS 

(I, D) £tt^r&fc#>(D3§HI<i:X— /<— ^f- \-m 



a = i(/+/ i )z> 4 
6 = i(l +/)/>* 



14. ®8 (B) ic^-T.fc^l-'SrS. @8 (B) iz 

tsifz&mzttztLtz^soi,!*^ ^ (8) izTH-tto 

[0 0 8 8] 
[»8] 



(8) 



[0 0 8 9] MB (B) Jjfcit (9) [0 0 9 0] 

irLT^|::ft33:£*i£. [gfcg] 

T[l ,Z)) = 2c + - 4 ^- 
k ; l-2a 



(2/ + 2/ 2 + / 3 ) Z> 8 - (/ 2 + / 3 ) i> l 2 

i-(/ + / 2 )z> 4 



(9) 



[0 09 1 ] g#£4T.fcBEP0>±ISI;fc. ±5S (9) £ [0 0 9 2] 

±xE (6) |::ftALTm#^SC<tlc<fcoT##>e>*v [Ri o] 

(1 O) -es^tis. 

9 - 8Z 4 + 4Z_^ 

\2 



o 1 n ( rw-Txr-\ y ~ sz + 4Z 



[OO 9 3] o^lc. KUK&«fc-5fc-r— ^iHSm->XT- 



(10) 
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x — (2-path Rayleigh fast-fading) HJ&TI- 
felt -5 S T CMei£2'-l'/*— i>^i/XTAIC||-r-S*>X 

Eb/No=2 0dBtLTl^. ^tRU* • -f > 

$ — >j—/*<D-y-*(Xi3<2 o o q ps K->>7K;ut?fcy, 

LTAIamouti^^-ffl^fc^-lb^ " 1 / 
2" tfe* S T C M->Xf AA^^* fcfc. 
0 ltSOfcftl=. fcj£$r-f/<-: 'sT&kttjifr 

C t> Bj3 P> & <fc 5 STCMfi^/^-yfJ 

[0 0 9 4] W±lttB^LfcJ:5l^ *§|BJ|zfct^Tli. 

HJ^^X (the overall concatenated code matrice 
s) PaO)«S§JS(D'<7'7-<XJ±^|cS-^UT. HJ££*i 
fco C©igS. rt^iLTCACTDi'DTDSaa 

t^oTD^ic^y t, as? <E£iKKtt« =fr-r -5 Z. t 

*lfc. ACT Dlifft©2-3©ja < fcy 4, Jli4-ei*&i> 
•e*vl±2O0)T^x^-^fc*ltl=ISC.^rL^-5 e> - 
OTDSI/DT Dli v 2 0tl_h(D7'>^^-^[-^^ 

ICffi!i-r-5c:tA<t?^S. *^BJ(ZfcL%TI±, ST CM 

huyx^^fgfc^f,!: LTggfflU tttiL 
fc. ZZX-mTT^tltzM^i^^ilt. C DM ACDf-AICcfc 

S T C MfiSiy^ i^jbt-tr/U^ C D M A0># ^ > 'J 

CirS^L-CL^i.. d<Z)J;5lc s #3§BJJ;J: S vyu^/^x 
7 x — « x is f WkT 1= fc I* r 4, ft ^tttg £ &«f -5 - 1 

[0 0 9 5] #SSBJHi. JiSELfclliSCD^fillzK 

SieHilgBl &l/Sffig«3lcJ®fflLTiSiB^U/=A^ * 
01Jx.li7O-y fcf- (S»ffl«) f-fX^. CD 
-ROMXItMO (Magneto Optical) <tl*ofc&§u 

ttts. ca>J#^ ^tt^lc* yft-*Hb£;h. fc TP- 
S' I*. aitBl::«fl££ft«IBttJt{*lr|at|£;|u 

[0096] &tz. ±^Ltzmm<r>mmx'it. mmmm. 



MT?fe54.<Di: LTlftB^LfcA^ C*i£,CD££{iga 1 & 
tfgftgffi3 .hi, mii?— ^x-x—v a y 
3 > fcf a. — $ <fc t \ o n > £ i — $ |z js t>T H 

[0 0 9 7] £t>l^ ±^LfcHJ£(D^g|-C?li. SKIS 

t laygfigt 31*, -f-*t^sij<ia>^at?fc-54«cD 

[0 0 9 8] Z<DJ;?|c. #5BBJ!li x ^-COfflg^BiL 

I*. 

[0 0 9 9] 

[SSfl^Sag] KA±P«Blci5iBJLy=J; ; 5I=. ^SiBJUcfr 
aSftfcT 1 — ?*^bt5StftgIffeot, A* 
KUiJxSflb. tfft^itx.l*$ — 7fC?5-s§-<b£S3£ 

<bi LT, ^F^W»^B#^M^£!f#14A<«^:^^'f /<- 

[0100] LtA'oT, ^ftB^icA^-S^-^bgS 
l±. n^#^F^b^SlrJ:y. hU'J^^b, ^— # 

^^bxii5«-^^b^p*ftLN. -r>^-y-^ 
^F#»-§-^b¥isi=«i:y. sra • B#F B m^b^p*ff5- 

[0101] £fc. *SIBJ(cAxAx^^^b^l*, 

t^fffft^ifeoT, A***tfc'>>7K;HS5iJ(=*t 
LT, nff^O)0^b.tbT. hl/'M^fib, -Si — 7f? 
^^bXI* * -7tm#<b£18£fT-5 ni»»*fcza 
<!:. C<Dn»-§-^^bXfl(cr?f^b*^T#P»^fcv' 
> ^U^?U Sltfig-r -5 =& ^ 7t?/U0)lll^ ^ * -I) f 
— y— ^xfit. zcD-f >£— y— ^xfiicra6-< 

«IiE-ri)^#T*fc^^F B 1 ■ f#F B m-S^b^P£fr5l*m# 
^^bXfli:$«ix.^„ 

[0 10 2] bfc*^t. *^BJ|-*NAN^,^F^b^j£ 
I*. huyx*3#<b. •5'— /f-^#<bXI*^— 7ff^#-(b^ 
IS^^LV vi/TPJUSO'Ti/^ — >J— y&MLtz'ik^ 
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- v > vmmT iz fc l >t *, ft t^etg $ ses-r * - t *><-e 
[0103] *s§Bj(cANANi,ffi-§-gar±. \t> 

— ^*SI=«koT-f>^ — U— ^*^ifc*»7tf;u^5«<D 

we^-fi**— y— ^tit-rx-f y— ?¥s&. 

if* tf r^rf y xai:8-5 < «-§-£fr 5 n 

[0 10 4] LfcilbT, *S§W»=A^A^-5S-^Sa(*. 

n»*»#ft*«f=j:y» hu'jx»#fc *— 
IbXli*— 7f?fr-5Hb^iS£fH\ u— ^si= 

«»l=J:or^^b**tfcT?-5»£a#-r-5^tr=«J: 

dt -5. 
[0105] *&iz*fc. **Ki=*x*N*tt^^rs6i*, 

7f?;uroiiiff^a£-<Sx.^-Y>5i — u — com 

IC J: o T»*<b**lfc»-^fl!>«^tff 5 flHttfrft-e 

at* -f>*— ij— :?x?ii::t 'j— yztitzis 
«fc5iz, rt»-*tt-»iffii=r»^b**tr»& 



-f»-'J-^llfc, n^»^bXSlc»JCLTfiS 

T-o^-y-^xaiz-cafe^SjL&^tfc^v 
[oi 06] Lfc^r. 

fH\ *»7f?;i,SaM>$ — 'J— ^*J6Lfc«» Sffl • 
B»IB»*(b*«*P?fff-l»ft*ftl=J:-3T»#<b**lfc 
^ tl= J: y. 7^f/«X7i-v>^ 
3«*TI=fel»r **L^tt«B*5B»f * ^ t tfiSSmt ft 

[OI 0 7] *4fiH(=frfr«&{R&aii„' A;&£ 

*tfei'2'ifrMkMI=4tl-C,. ttttq-Oft-g-lb^LT. h 

i/'Jxffffc, f — *»-»<bXii*— jf?»-g-fb*ntff 

t LT. ffilBlttatfttlB»3!j:»tt3W«*eay-f /<— > 
»-»»*<b*«t**^-«»^b*«t. M«F«ft«fl: 

[0108] LfcA<or, *&fmzfrfrz>mm&mit* 

<bXI±4«— 7Ki3#fl:£iS£mv — y— 

»#<b*Ri=«fcy» ffin • B»mfiF#itiEii«fTi\ *?> 
i=, a»*sia#ai=«fcy. «»roxh'j-A©fiifti 
i=» LTffiaafeia^jfiLT^sp^t j^«-r<s c 1 1= * 

$^»LT. S»0>3Hf£*T-5ct*<-C*£€>o 

[OI 0 9] *^BJ|C*^^5|«^Ji|^ A* 

KUyx^#{b, $-7Kft-^bXf;J:$-tf#-5HbSgil£ 
^5H^#^^bx?it, croH^#^^bxai^T!RF 
#4b $^ir# &*tfc -> >^;u^?u$^jjg-r ■&=§•-> >7t-0u 

— y — ^xai-Tft^ft x. f>+tfc->>7K;n^5iji-^ l 

ft^itftm&ft? rt^-§-^^bxfit ^ -S^-s^bx 
fit. rt^^F^bxaicT^^b**tTf#e,^fc«jgc 

isx?i$^-rsKi«xat$<iK.-5 0 
[oi i o] LfcA'ot, *sewi=A^*N*ins»a£ii, 

H/'JXfffft, $-tfft^bXl±*-7Kft-s|--fb£t!£ 
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Nffiim^«gs£m\ *?>i-, *g»©* hy— a©-?- 

[0 111] <*t>lr£fc. *SSBJHzA^.5>g{ig«l4. 

T. huyxft-SHb. *-7fM3#lbXI4$-7fm-i§-<b£ 
iBfcfr^rtft^-sHb^ISi:. =0>*ff#&-94t¥»fr 

«t'«»jt.*-f — 'j— caw y— 

i=»bT. «*»fHt*«*xtt*uHabr*if7ju=jy 
2— 'J— ^#®i=«fc-3x:-<>^— y — ^**if=*»7i?>u 

— y — ^**r T-f >-s» — u— 

- y — 6 «•& * #tfc *> >tK;u^5U i=*a l r . s 
**&*t*ffi-^xi4tf* er;u=ryxAi=«-3<a^$ 

[0 112] LfctfoT. **93l=ft*fr«SA£1KH:. 

<bXI4* — tffriHbftiitff iv -f — y 
t fcoTv>/t?;uS(0'r>^-y— ^^JSLfc^. 

l=**LT»1Bt«|ll*16-rafll*»l=J:oTa«**tfcT 

[0 113] £fc. ***II=frfr*»«*fctt» A** 

3#m*»-*fcx«i:, ca>nfiF4ff«flsxSI=TtM- 
<b * f# ?> *tf= •> 1/ 7t?;um5iJ -S =& -> > 7t?;uro 

IBJ^H'C©^* y— ?iSi, cco>r>$ — 
y -^xfiicr c>+if=->>7t?;u^5i]|-*f Lt, 

rtwwmt lt. £iaw;&tmiawfci#te*<a;*: 



*nx8s*-r*s&«xB& *#jL*a«**ic * ?t 

rt^«F^bxaic»j£LTfiSjL&^ 
tfeXfllcrffiffitJtA^^^tfc^-^lc^LT. 

fl»*fT3rttt*fl»x«fc. -f >*-y-:?x«i=T 
xSf= r * *iT ft & ftfc ft A * <D *> v 7t?;u^?ij 

5V >*— y— ^tii-r^-f >*-y— 

*»*ftxai=«J6LTfl|ji.6*t» ^-r^*— u— ?x 

fltJSffi-^xi4 e * if t;u^ y xai=*-^ < a#£fr a n 

[0 114] LfctfoT. *JftVII=*ifr«Sflraft|±. 
fftv >>>/H;uS(D-<>^ — y— -?^j£Lfc^. &ra ■ 

B#IB»*fl:*B*fTlV «8t<&X h'J— A<D-?- 

ftfc-x— *£Sfrr§C£l::<fc y. 

[0®rotsm«:KK] 

[01] #SSS8a>5SM^»ffii LT^t— SiSgfli' 
[0 2] IQt— $&Sfii'*7^=£ltS&1IttB«>*t 

^siBj-r i) -y p ^ @ t- as o 

[S3] ^-x-$iHS«->X-xAI=fcMf-5g«gfiOTli 

[14] IB3*«S6«l=fe(t*#1>»*ft«li:Ur»3IE**t 
*MTCMff*ft{|©l|*SKHt*?P*-/*Bltfc 

So 

[05] Affla/Xx-h&i!»£i&^-Slll-efcoT\ 

(A) 14, Xf - "2" 0>i§-&£jSU (B) 
14. "4" 0)l#^$^-rglT?fc-5. 

[06] H/'M«R»tiHUfcor, (A) 14. X 
"2" <7)ii^^^L, (B) 14. X^-h^ 
A< "4" CDJi^$^-r0-C?feS o 
[07] HiSAIttl=d3ft«nff«fl:»& LT&SSSft 

•5 t — m t c M^^bs©«js*iftear ^p v *? 07? 

[08] ttfflaffSIMifSH-CfcoT* (A) 14. 0 
6 (A) ic^f KUyxi=»J6-r*«tt31»*«L» 

(B) 14. g&M&T (I, D) *ftSC-r5f=«)<7>l|fi5 
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1 SSIfigS, 3 g«gS. 1 1 *?S#<lbSf, 
.12 -OS — 'J — 13 i*m-s§-<bS&. 14 
ftft&BS£« 1 5, 1 6 3«7 3 1 S 

<ST>t1-s 3 2 5£1£*S. 3 3 

S§. 3 4 T-f >^-'J-/^ 3 5 



3 6 51«K««l^aiJS. 4 1MTCM^ft 
«k 4 2, 4 3 TCMt#<bS. 4 4, 4 5 Z? 

• • 4^$ — iJ—/<i s 4 6, 4 7, 5 

2 QPSK7 7tf^SI. 5 1 T-MTCM^ 
<bS, 5 3, 5 5 MTCM^itSSUQPSKT 
«Vfcr>9*tg. 5 4 ->>7R>U ■ -f — U— 5 
6, 5 7 ix>7f?;U • -r-fV^ — 'J—/ 5 8, 5 9 
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mm 









11 12 .13 


1 , 4 A* 
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[14] 



42 



TCM 
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■ 1 






. TCM 













41 



V 




4 . 6 








QPSK 













i 5 



-f>»-'J-/t 



i 7 



_ QPSK 



[Hl5] 



(A) 



b 20- 



b i o- 



(B) 



b2o- 



b i o- 



-*ob 4 «') 
-*ob 3 n ) 
-*o b4(2) 



-*ob 3 n> 
-K> b4< 2) 



( A 1 

[C 0 #Doo][Co«D 10 ] 
[C 0 #Dii][C 0 #Ddi ] * 
( B ) 

{C 0 #Doo3 [C 0 *D 10 ] ©* 
[C 0 #Dii ] [C 0 #Doi ) 
[C 0 #D 10 ] ICotOool 
[Co#Dn]lC 0 #Doi 1 * 
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[0 7] 



52 
X 



QPSK 



53 

1 

MTCM^<t» 

sa 



51 

f 



-54 



i 5 



MTCM^fbB 



2 



F<3 



I — 

57 



T - M T C M^HBDWfc/D y *B 



air 

1 

59 



[CotDoi J 




[09] 



10-1 
1 

TO" 3 
)CT<|- 
1 0~ 5 

1 o-» 




-Uncode cI.Mt = 1 
-Unc oded,MT=2 
-Uncode d, My = 3 
-STCM.M T = 1 
•STCM,Mt = 2 
-STCM.M T = 3 



5 1 0 

Eb/No[ dB ] 



1 5 



(51) Int. CI. 7 

H0 4B 1/707 
H0 4L 27/18 



H0 4L 27/18 
HO 4 J 13/00 



B 
D 



5J065 AC02 
5K004 AA05 
5K022 EE01 



AD10 AG05 AG06 AH23 

FA05 FD05 

EE24 



